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ABSTRACT

Data on fecundity of Nort,h American l:;lalmonidae are scarce, but analysis
of available material !'hows that, use of the total number of females as a measure
of reproductive pot,ential may introduce considerable error. Fecundit,y varies
bet,ween populations of t,he same species, so that data from one localit,y cannot
be safely applied to anot,her. Annual differeuces in fecundity in the same
population may be caused by differences in average size, or by differences in
age at, mat,urity.

Fecundit,y in the sockeye does not, appear t,o vary between fish remaining for
3 or 4, years in t,he lake before seaward migrat,ioll, but fish spending 2 years at.
sea have a higher fecundity than fish of thc same sizl~ spending 3 years at sea.

Data are needed t,o answer two questions: (I) What is Ule rellit,ion between
egg size and egg number in the same species; and (2) Does reproductive pot,ential
depend chiefly on number of 'eggs or on tot,al volume of eggs.
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FECUNDITY OF NORTH AMERICAN SALMONIDAE

By GEORGE A. ROUNSEFELL, Fishery Research Biologist

This paper is the first in a projected series in
which the author proposes to compile and evaluate
the published information on various phases of
the life history and conservation of North Ameri­
can salmonids. The available information is so
widely scattered that memly bringing it togethm'
will facilitate the expanding research, Further­
more, even a hasty perusal of the literatlll'e reveals
large gaps in our knowledge. Once these gaps are
clearly seen, there is a much better chance of
their being filled.

The primary purpose, however, is to discover'
through comparison of the sumo life phuses of the
different species und genera, the relation between
the fish and the ecological factor's in their' environ­
ment. Since emphusis has beon placed on material
that would aid in developing principles, and as
I am making the study as complete as possible
without assistance, I Itm not including minor'
items of information. Or'iginal dat,a am presented
for Karluk River sockeye.

Although not indigenous, t,he bl"Own t,l"OlIt,
Salmo ll'utla, is included in this st,udy as a thor­
oughly naturalized species. European and Asiatic
literature is used sparingly, either t,o aid whm'e
knowledge of the North Amer'ican stock is de­
ficient, or to corroborll.te t,he North Amer'ican
findings,

Fecundity is an especially in teresting topic in
the Salmonidae because the comparatively small
number of large eggs suggests (as other re­
searchers have proved, e. g., Rounsefell and Kelez,
1938, Rounsefell, 1949 and in mS,I) a demonstr"ablc
relat.ion between t,he repl"Oductive potential of the
spawning stocks and the numbers of young sur­
viving. Neave (1948) JUtS ulso pointed out that
the variation in egg number between species of
Oncorhynchus is related to the vnrying vicissitudes
of their life history,

I Factors causing decline in sockcye salmon of Karluk Rivcl', Alaska.
lJ, S. Departmcnt of the Intl·rior. ('"ish anl( Wildlife Sen'icll, Washill!!'!.oll,
D.C.

Approved for publication, Fcbl"Uary 8, 1957.

The relat,ion between size of spawning stock
and number of young produced is fundamental
to studies of changes in population size, The
survival from spawnings cannot always be de­
termined at an early stag~, but is more usually
measured at some later stage of the life history,
In this paper we are concerned with quantitative
measurement of the reproductive potential of the
spawning stock. Such measurements are usually
gross estimates derived from one of the following
bases:

1. Relative abundance of the adult population.
This will usually be in pounds of fish caught by
some standard amount of fishing effort (a stand­
ardized unit of gear fishing a cert,ain period o~

t,ime).
2. Relative abundance of the eggs or larvae,

This usually is a summation of the density of
eggs (in the case of pelagic eggs) per cubic meter
over the water area inhabited by the particular
population under consideration. Estimates of
lJ.hunoance of species spawning in the littoral
zone, e. g., Pacific herring (Olupea, pallasi) ,
may be based on miles of shoreline utilized for
spawning.

3. Act.usl numbers of mature adults. These
numbers may be an actual count of the individuals
or may be statistical estimates of population
srze,

These measures of reproductive potential are
each based on one or more of the following
assumptions:

I, That the number of eggs spawned is in direct
proportion to the number of mature adults and
their mean weight (or length). For this to be
true, the relation between size of fish and fecundity
must be linear. Moreover, if the size composition
of the adult population varies from year to year,
then the theorem is true only if the regression
of eggs on size passes through the .origin, i. e.,
the regression {onnuls. must be of the form
y=bx.
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2. Tha.t the annual sex ratio remains constant.
3. Tha.t. the regression of number of eggs on

size of fish does not vary between years.
4. Tha.t. the size and/or age at maturity does

not vary between years.
5. Tha.t the number of eggs is a function of

fish size independent of age.
6. Tha.t there is no annual variation in the

proportion of the eggs retained by the females
in spawning.

The foregoing assumptions are usually not
fully satisfied so that the variability of an ap­
proximate measure of reproductive potential in
critical experiments may be so large as to obscure
the very factors, the effects of which the biologist
is seeking to measure.

This variability between numbers of mature
adults and actual reproductive potential has long
been recognized, and biologists have attempted
to discount it by substituting an estimation of
the tota.l anIlual egg deposition for number of
adults as being a bet,ter measure of reproductive
potential. This paper is confined to an analysis of
the factors causing variation in the relation be­
tween number of eggs and number of mature
adults.

After IYlaking the necessary allowance for dif­
ferences in size of fish, a wide range in fecundity
still exists between races of the same species from
different localities. For instance, McGregor
(1922, 192380) found that the king salmon of the
Sacramento River have a far higher fecundity
than those of the Klamath River. Thus, if y
is number of eggs and x is length of the fish in
centimeters, the formulae for the regressions of
number of eggs on length are-

Klamath River Log Y=.OO682 X+3.01116
Sacrament>o River Log Y=.00319 X+3.56836

The Klamath River fish (65 specimens) ranged
from 61 to 107 centimeters in length (average,
82.6), wit.h a geometric mean of 3,754 eggs. The
Sacramento River fish (50 specimens) ranged
from 59 to 110 cm. (average, 92.4) and had a
geometric mean of 7,298 eggs. At 85 em., the
calculated geometric means for the two popula­
tions are 3,894 and 6,912 eggs, an increase of 78
percent in number of eggs for the Sacramento
River fish when compared with king salmon from
the Klamath River.

The question arises as to the causes and the

biological significance of such a great difference in
fecundity between populations of the same species.
It is recognized that harsher ecological situations
impose lower survival rates on some races.
Assuming that the number of eggs can be in­
creased by selection (as seems to have been done
for domesticated strains of trout), then the
number of eggs may well differ genetically between
various wild races of salmonids. In the case in
point there is good reason to believe that the
variation in egg number is not caused by variation
in the marine environment since, as McGregor
pointed out (.l923b), Sacramento River and
Klamath River king salmon occur together in the
ocean troll catches.

That the fecundity of fish of the same length
may even differ widely between populations
spawning in different portions of the same river
system is shown by Aro and Broadhead (1950)
for the sockeye salmon of the Skeena River.
For 3 years, 1939, 1948, and 1949, the female
sockeye of small Lakelse Lake (5.5 sq. mi.)
averaged 58.9 em. in length (58.1-59.6) with an
average of 3,816 eggs (3,699-3,888) j while for the
3 years of 1946, 1947, and 1949, the female sockeye
of the large upriver Babine Lake (171.8 sq. mi.)
averaged 58.5 em. (57.1-60.1) in length with an
average of only 3,181 eggs (3,056-3,389).

In assessing the significance of differences in
fecundity between fish of various localities, it
becomes important to measure the variation within
localities. Some of the important factors within
localities to be considered are-

1. Size of\ the fish in relation to number of
eggs. . \

2. Age at maturity.
3. Size of the eggs.
4. Seasonal trends in fecundity m the same

locality.
5. Annual variation in fecundity.

RELATION OF SIZE OF FISH TO NUMBER
OF EGGS

Combining his own observations wi'th those of
Titcomb (1897), Ricker (1932) states that the
relation between number of eggs and· length of
fish is curvilinear for the eastern chaIT, or brook
trout, Salvelinus fontinalis. The number of eggs
varied from 80 in a 5.1-inch chaIT to 5,630 in a
22-inch charr. However, Allen (1956) points out
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FIGURE I.-Relation of egg number to body length in
Salvelin1t8 lontinali8.

Authority

Vladykovand
Legendre (1040).

Hayford and Em­
hody (1930\.

Cooper (195.1).

Allen (1956).

'Vafru oJ correlation oJ
eug ..umb<!r witll­

Fi,1I k..,t11 Fi,1I w,igllt

0.57 0.56
0.35 0.40

Numb~r Av,)rage
01 fish numher

of eggs

2 148
5 191
5 275
2 3711

5 916
4 1,028

30 1.114
22 1,249

4 1,611
8 1.867

38 104
91 169
69 268
2-1 395
15 525
8 643
.\ 753

4 131
14 li7
10 206
II 280
14 362
13 505

3 732
6 970
2 1,469

Sockeye salmon (Cultus Lake) 0 - _ -- --

Pink salmon (McClinton Creek) _

This means that in the sockeye about 31 to 32
percent of the variation in number of eggs is

The logarithm of the number of eggs shows a
doser linear relation to length than does the
actual number of eggs when specimens are avail­
8;ble over a wide range of length. However,
over the rather narrow ranges of length at maturity
found in Oncorhynchus, the difference is usually
trifling and can be disregarded in computing.

Extensive data on the relations between number
of eggs and length and weight of the fish are given
by Foerster and Pritehard (1941). Correlations
between egg number and fish length and between
egg number and fish weight are shown for Cultus
Lake sockeye for each of 6 years (1932-35, 1937,
and 1938) and for pink salmon from McClinton
Creek, Masset Inle.t, for ~ach of 6 even-II umbered
years from 1930 to 1940, inclusive.

In order to compare the values of the two series
of correlations, we have combined the c'orrelation
coefficients for the various years by trnnsforming
the r values into z values (Fisher 19:{O, p. 171.).
The value of r for the eombined samples is ob­
tained from the weighted average value of z.
The results are as follows:

Wyomlnll (heav~r pond):
12.70 em _
14.44 enl. _
111.82 em _
19.65 em _

New J~rsey (hateh~ry stock):29.6gelll' _
31.00 enL. . _
32.13 em _
35.21 em _
311.50 em _
38.00 ern _

Michigan (streams):10.40 em , _
12.73 enL. .. . _
15.07 enl. . _
liAI em _
19.74 em. . _
22.08 em _
24.42 em • _

Qllehec (Laurentldes Park):13.75 ern . _
16.25 em. . _
18.75 ern. _
21.25 em . _
23.75 em. _
26.25 em _
28.75 ern " . _
31.45 em . _
35.50 em _

!,ocality and lork length

I Converted frorn standard length by factor 1.1.
'Convl'rted Irom total length hy factor 0.92.

TABLE I.-Fecundity 01 ea8tern charr, Salvelinus fontinalis

FORK LENGTH (eM.)
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that Titcomb's data are of limited value since
Titcomb stated that some of the charr had ap­
parently dropped part of their eggs before being
captured. Osgood Smith (1947) obtained a linear
relation bellween the logarithm of the number of
eggs and the body length of 29 eastern charr,
but inasmueh as his speeimens were from such
diverse localities as California, Ontario, and
North Carolina, the results eannot be regarded as
conclusive.

The number of eggs of eastern eharr from four
loealities is shown according to size of fish in table
1 and figure 1. These data show that the dif­
ferences in egg number between localities are too
great to permit combining localities in studying
the egg number-fish size relation. When the
eurves for the separate loealities are examined, it,
becomes apparent that the number of eggs in­
creases approximately as the weight of the fish,
since the logarithm of egg number plotted against
the logarithm of fish length approximates a straight
line, as does the logarithm of fish weight against
the logarithm of fish length.
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associated with change in length of the fish;
but in the pink salmon this association is much
weaker, only about 12 to 16 percent.

The two combined regression lines for number of
eggs on length and on weight of the fish in figures
3 and 4 of Foerster and Pritchard (1941, pp.
58, 59) obviously have much steeper slopes than
the regressions for the individual years, showing
that these lines do not represent the regressions
within years. Since the mean annual lengths of
the fish varied in the same direction as the average.
number of eggs, these combined lines represen t
chiefly regression between years and are therefore
of no utility in predicting egg number for various
fish lengths within any individual year.

As the relation between egg number and fish
length within any year appears to be so weak in
pink salmon, it is of interest to determine what
factor is controlling egg number. One factor for
which measurements are available is sea tem­
perature at Ketchikan, Alaska, which is just
across Dixon Entrance from Masset Inlet and
slightly east of it. To determine the role ot ..en
temperature we have made a covariance analysis
using the pink salmon data from McClinton
Creek, Masset Inlet" H. C., prepared by Foerster
and Pritchard (1941), as follows:

Y~ar

Mean
I~ngth

Mean sea tem­
peraturo in

degrees Fahren­
heit at Ketchi­

kan, July to
sept.
(X,)

Mean
number
of eggs

(n

with fish length held constant, is shown in figure
2. The correlation, 1'12, of XI with X 2 is -0.9011
and is statistically significant. Obviously, both
annual mean fish length and annual mean egg
number are negatively correlated with sea tem­
perature. The annual differences in mean egg
count in pink salmon are a function of sea tem­
perature, because it is the principal factor con­
trolling average fish length.

1900I':----::'J6!T----r-----,-------,

III
(!) .34
(!) 1800
III

IL rREGRESSION OF YON X2 WITH XI AT it
0
II:
III
m
:::E
::::l
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..J
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Z
Z
<[

40
Z •
<[ 1600
III
:::E

I .w\, I
15001 1 I 1
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MEAN SEA TEMPERATURE JULY- SEPT.

FIGURE 2.--Relation of annual mean egg number of
McClinton Creek pink salmon, O. gorbu8cha, (body
length held const,ant) to mean July-September sea
temperature at Ketchikan.

------------------1-------- -----

-----------1------1------ ----

The relation between the average number of
eggs in McClinton Creek pink-salmon females
and the summer sea temperature at Ketchikan,

The results of the test are as follows:

The above analysis does not mean that the
regression between egg number and fish length
within years is invalid, but that the within­
years regression for the combined samples can
only be obtained by reanalysis of the original
data to eliminate t,he port.ion of the tot,al regres­
sion aecounted for by regression between years.

The problem of the relative effects of mean
annual size and sea temperature on egg number
for the sockeye salmon is complieated by the
effect of varying age at maturity whieh will be
discussed lat.er.

In addition to the between-years difference in
egg number at any particular length, there is also
the difference between rivers mentioned previously
in the case of the king salmon populations of the
Klamath and Sacramento Rivers. A better il­
lustration of this is perhaps afforded by the data
from Eguchi, Hikita, and Nishida (1954) on chum

1,535
1,6111
1,698
1,804
1,89lI
1,758

1,719

-0.8592·
-0.8314·

Sea tempera­
ture
(X,)

56.7
57.0
55.3
55.4
54.8
M.9

55. lIS
I

0.7801
0.0310

I Fish length

(X,)

52.67

em.
51.1
51. 6
52.7
53.0
,o;a.O
54.0

Number oC eggs

(Yl

R=O.8593 (N. S.1
Y=3.834X.-115.616X,+7.0M

Standard error of 19'8=0.21536

I Cor t1.,.I=o.8313g/0.21536=3.8~0
l' of .05 =3.182.

Correlations oC Y with X's. _
Standard regressions of Yon X's. _

AverBKp. ._ .. . __

1930. _. _
1940. .• __ . . __
1938 .• . __
1934 . . .. _
1936 • "_•• ' __
1932 • . . _
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salmon, Oncorhynch11.8 keta., in Japanese waters.
They point out that chum salmon from Hokkaido
rivers have a larger number of eggs than chum
salmon from rivers in South Kurile; however,
analysis of their data shows that in both areas

there is a significant difference between individual
rivers. The analysis, based on data from 7 rivers
in Hokkaido and 109 specimens of chum salmon,
is as follows, using dat.a for the left ovary only to
simplify the tabulations:

SUIIIS 01 squares and products Errors 01 estimate

Mean
square

107 _

D. F.

5,137,112
---1----

Sums 01
squares

.~y Sy'

64603.0 6, 992. 007

28678.8 2,369,067
35924.2 4,622.940

2250.0300

666.0752
1583.9548

6
102

108

D. F.Source 01 variation

TotaL .. . -. --- -_. .. -----------

Between rivers. . -- ---- -- --- --- - ---- -- --- - -- -.
Within rlvers .. -.. ----- --. ,------------- ---.

For test 01 significance '01 adjusted means •.. - -- ---- --_ __ _ ______ __ __ _____ __ 1,328, 935 6 221,489.2

F= 221,489.2/37,704.7= 5.87. For Pol .01, F=2.99

Similarly 'for South Kurile rivers, F=3.50 with
F for P of .01 of 3.17. For the combined data
(243 specimens) which come from 13 rivers,
F= 13.74 with F for P of .01 of 2.27. This shows
that there is a tendency for each river to have its

own regression line for egg number on fish length.
. The fact of differences between the regressions

for chum salmon from different rivers results in
three regression lines (three center curves of
figure 3). The total regression (dotted line)

I500r--.,...-~r---'-----'---.------Y----r--~----r-------,

• ••

K
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FIGURE 3.-Helation of egg Humber (left ovary) of Japanese chum salmon, O. keta, t.o body length to· illustrate total,

between-rivers, and within-rivers regressions.
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includes both the within- and the between-rivers
regressions. The within- and the between-rivers
regressions each has a useful co~notation. If
one wishes to estimate from the lengths of the fish,
the number of eggs contained in a sample of chum
salmon from a particular river, then from the
between-rivers regression one obtains an estimate
of the average number of eggs per female (left
ovary) in accordance with the average length of
the entire sample. If, however, one wishes to
determine the difference in egg number (left ovary)
between fish of different lengths within the same
sample, then the slope of the regression would
follow the within-rivers slope.

RELATION OF AGE AT MATURITY TO
NUMBER OF EGGS

.14

~ .13
II:
C
> .120...
% .11g

II:
I .10

g
g

.09......
z .080
IL
0 .07
en
2:
C .06
II:
g

~
.05

...
% .04g

id
~ .03

.02
.01 .05 .06 .07 .08 .D9 .10 .II .12 .13

The best material available on the effect of age
at maturity on egg count is in unpublished data
for the sockeye salmon of Karluk River, Alaska,
as follows:

INum·1 Ap I
Metbodor

Year her or avail· Lengths enumeration or nates sampled=. able laken eggs I

--I--
1926 "___ 40 No. __ yes. ________ Number In 5 Sept. 15, 1926.

gm.
IUL__ 65 Yes•• yes•• _______ Welgbtora Aug. 1-6, 1938.

eountedsa:rle.11139. ___ 2m Yes__ yes_________ Act eounL __ June 9-1u1y 6,11139;
no dates ror indio
viduals.

UMO____ 155 Yes__ AlI6l1 CJD ____ Volume-200 June 2-Sept. 13,
eggs. lIMO.

1941.___ 114 Yes__ AU 6lI CD'--__ Volume-200 lune 9-Sept. 8,
eggs. 1941; DO sampling

lu1y3-Aug.lI.
1943. ___ 182 No___ Dailyaver· No information_ InDe 29-Aug. 18,

age. 1943.

I LeU and rigbt ovaries estimated separately.
I summary publlsbed In Gilbert and Rleb (1927).

WEIGHT IN GRAMS OF ONE EGG - LEFT OVARY

FIGURE 4.-Paired observations of egg weights in right and
left ovaries of sockeye salmon, O. nerko, of ages ~, 6a,
and 6&, of Karluk River in 1938.

It is interesting to note that although the eggs
in the left and right ovaries maintain the same rate
of egg maturation the total number of eggs in
the two differ noticeably. Figure 5 RhowR that
for low total number of eggs the right ovary
contains as many eggs as the left or more;
however, as the total number of eggs rises the
proportion in the left ovary becomes increasingly
greater than in the right.

Kendall (1921, pp. 195, 197) says,
As the ova approach maturity, the left ovary is nearly

or quite always the longer, and it extends, tapering, to the
posterior end of the abdominal cavity.

2000',-----.r-""T-....,--....-r-----.r-"""A""""7....,....-""]7'"-----,

NUMBER OF EGGS IN LEFT OVARY

FIGURE 5.-Relation between the egg number in the rigbt
and the left ovaries of tbe sockeye, O. Rl!Tka, of Karluk
River in 1939.
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Some measure of the reliability of these data is
contained in figure 4, which shows for 1938 the
average weight in grams for 1 egg of the right
ovary plotted against the weight of 1 egg of the
left ovary for 41 Karluk River sockeye of ages 53'
63, and 64, The samples were taken from salmon
captured at the mouth of the river so that there is
great variation in the stage of maturity of the ova,
but the figure shows that the eggs in the two
ovaries are maturing at the same rate. Since the
data from the two ovaries form two independent
estimates from the same fish, their close agreement
gives confidence in the consistency of this method
of calculating the number of eggs."
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These backward extensions of the ovaries are formed
by the maturing and enlnrging ova filling the previously
crowded interlamina spaces at the posterior end of the
ovary, thus stretching it longitudinally.

This increasing disproportion between the left
and right ovaries in fish with larger numbers of
eggs is logieal since in a fish with few eggs the
posterior portion of the body cavit,y would be
relatively empty. Fish of the same size with
more eggs would have to utilize this space and the
left ovary, whieh is usually longer than the right,
would thus be proportionately larger. However,
for the ehum salmon in Japanese waters, the data
of Eguchi et al. (1954) show no significant differ­
ences in egg number between the two ovaries.
For 243 chum salmon the averages are 1,134 in
the left ovary anrll,146 in the right ovary. Soek­
eye salmon from little Bare Lake in the Red River
system of Kodiak Island eontain more eggs in the
right than in the left ovaries (personal eommu­
nication from Philip R. Nelson). It is interesting
to speculate whether this is a genetic difference or
indueed by the great environmental difference
between Bare and Karluk Lakes.

Probably the best explanation of this dispro­
portion in the size of the two ovaries is given by
Brown and Kamp (1942, p. 196). In discussing
the brown trou t, Salmo tru.tta, they say-

In the brown trout, the posterior portion of the intestine
usually bends st,rongly to the right, thus crowding the right
ovary at its caudal end. The length of the ovary is in­
versely proportional to the degree of crowding. However,
the left ovary is not always the longer. One fish was
observ.ed to have a longer right ovary sud it was iuterest­
ing to note that this specimeu had au intestiue which
bent to the left inst,ead of the right. In one or two fish
the ovaries were of approximately equal length, with the
intestine bending neither to the right nor the left.

They found in 8 brown trout averaging 36 em. in
standard length that the right ovary w~s 133 mm.
long and weighed 32.4 grams, while the left ovary
averaged 169.5 mm. and weighed 42.6 grams.

In diseussing the effp,et of age at maturity on
number of eggs in Oncorhynchu.~ there are two
questions: (1) Is the number of eggs determined
by length of residenee in fresh water or length of
residence in the sea? (2) Does the number of
eggs for any given length of fish increase or de­
crease with age? These questions eannot be
answered by the pink salmon data beeause they
leave fresh water immediately after emerging
from t,he gravel, and beeause they invariably
mature in their seeond year.

The following tabulation has been made for
the Karluk River soekeye salmon, showing the
average number of eggs in relation to the period
of residenee of the salmon in fresh water and in
the ocean.

Fresh·water age •

Ocean age and year sampled I
Sllmmers
in ocean

Summers In
fresh water

In third year

Number Average Summers in
of fish number of fresh water

eggs

In fourth yt>ar

Number Average
of fish numher of

eggs

2·year ocean age:
1936-37 1934-35 a. 43011138. ____ •• ___________ •• - ----___ .• - -- -- - -- - -. --- -- --•. -- ---- 24 1933-35 10 2.9721939•. ____ •. ____ . _______ •. _. -___ . _________ -__ . ________ . - .--- 1937-38 193&-36 36 3.055 1934-36 7 2,674

1940•. ____ •______ . ______ -_.. -____ .-------- - -•_______ ... -- --- 193&-39 1936-37 80 3,421 193&-37 25 3.5491941 •. ____ •_____ • ________ . _. ______________ -. ______ ---- - -. --- 1939-40 1937-38 45 3.708 1936-38 36 3,668

3·year ocean age:
----

1938•. ____ • _. _______________ -_____ . _---- - -" _. _-. -- - -- - --. _-- 1935-37 1933-34 9 2,631 1932-34 32 3,610
1939. _____ •.. _______________________ . ---- -__ . _. -- --- --. - .. -- 1936-38 1934-35 58 2, 973 1933-35 13 2,8661940__ . ______ . _•_____ .•. ________ . ________ -. _____ . __ ._ --- ____ 1937-39 1935-36 23 2,926 1934-36 1 3,4591941 __________ .. ____ ..• _______ . _______ •.. -_________ . ---- ____ 1938-40 1936-37 20 3.011 1935-37 11 3,160

I Since smolts enter the sea from early to late spring and reenter the rivers as adults from spring to early fall the ocean Bj(e gives number ofocean summers.
but 2 years at sea may vary from about 23 to 27 months. The growing seasoll~ are of paramount importance to this discussion.

• Fresh·water age is frolll the tlme the eggs are deposited (from late June to November) until smolts enter the sea (from May to July), so that a fresh·water
age of 3 can vary from about 29 to 36 months 1& fresh water, but the summers spent In the lake aCter hatching arc the periods important to thi~ discussion.

3 Not corrected for ll'ngth of fish.

The data for 1940 and 1941 are for 60-em. fish,
so to make t,he data for 1938 and 1939 comparable
to data for the other years it was necessary to
obtain the number of eggs for 60-em. fish from
t,he regressions of eggs on length of fish. These

4273[13 0-57--2

regressions were computed separately for the
left and t.he right ovaries and the counts for each,
caleulated from these regressions, were then
eombined.

In order t.o discount environmental effeet.s t.he
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averages were compared according to seasons
spent in eaeh environment as follows:

RELATION OF EGG SIZE TO EGG
NUMBER

Summprs in lake

Ocean age

---2~par---I-- 3.yea:--
Difference

Nl1m:e: AV::;~ -;'umbPr~~:agp
or fish number or IIsh num1ll'r

or eggs or eggs

Surprisingly few records have been published
on act.ual size of ova of Salmonidae, invest.igators
being content to speak of size in a purely compara­
tive sense. For instance, Belding et. al. (1932,
p. 214) say-

'1-3,99, P ror 0.05=3.75, 4 d. r.

1934-35______________ 24 3,430 58 2,973 457
1935-36______________ 36 3,055 23 2,926 129
193&-37______________ 80 3,421 20 3,Oll 410
1933--34-35 ._ 10 2,927 13 2,866 106
1035-36-37___________ 25 3,M9 II 3,160 I 389

A'·erage_______ 3,285 2,987 I 298±74. 7
I I

1936-37______________ 24 3,430 10 2,972 458
1937-38._____________ 36 3,055 7 2,674 381
1938-39______________ 80 3,421 25 3,549 -128
1939--40 . . __ ._ 45 3.708 36 3,668 40
1930-37-38___________ 58 2,973 131 2.866 107
1938-39-10___________ 20 3,Oll II 3,160 -140

Averagp 3.266 3,148 llS±103.7

In general the size of the egg depends upon t.he size of
the parent salmon, the largt'r sper.imens producing the
larger egg. Also, the size of the egg varies with the sal­
mon of the different rivers, Tht' material used in this
study permit,s its division into two classes, large and small
eggs. There is 110 relationship betwet'n the size of the
egg and the length of the incubation period.

Gilbert. (1915, p. 57) also used only a compara­
tive measure of size. He says in speaking of
British Columbia sockeye,

A similar difference, but even more pronounced, is found
among certain lot,s of eggs collected by Mr. Stone in
Smith Inlet, those from Quey Creek being markedly smaller
than those from the Gelulch and Delelah Rivers. It re­
quired 74 Quey Creek .eggs to fill a tube which would hold
only 38 from the Gelulch and the Delelah.

Perhaps the c.hief reason for this lack of data on
size of ova is that the salmon taken by the
commercial fishery are in various stages of egg
mat.uration. Thus, at Karluk River many of the
sockeye taken in t.he fishery may not. spawn for at
least anot.her month. This is reflected in the
weight. of sockeye eggs at. Karluk ranging from
.03 to .095 grams (fig. 4).

The same late maturation is found in the
Atlantic salmon. Speaking of S. :mlar in Norway,
Dahl and SS?5mme (1944, p. 39) say-

In the grilse, which have spent more than a year in the
sea, the GW/TW [ratio of gonad weight to total weight] is
st,ilJ practically in the same undeveloped stage in the
e:trly part of the season. A gradual development in the
relative size of the sexual organs asserts itself as the fish­
ing season advances, but the main growth towards. matur­
ity takes place after the fish have entered· the rivers.

They agree with Belding et al. that. the indi­
vidual egg size is partially dependent, on fish size,
saying (op. cit.., p. 22), "It. is a well known fact
that in large salmon t.he ovaria as well as t.he
single ova are larger t.han in salmon of small size."

Egg size is regarded by SvardsOli (1949, p. 120)
as resulting from natural selection. He states-

Summing up it can be said that the evidence now at
hand shows t.hat competition among fry gives the larger

4-year3-ypar
Dilfprence

Number Av:age Numbpr IAvpr~;
or fish number or IIsh number

or eggs or eggs

Summers in ocean

The significant difference of 298 eggs between
fish spending 2 summers at sea and those spending
3 summers, but with similar lake histories, is
fairly clear evidence that younger ocean-age
fish have higher fecundity than older ocean-age
sockeye of the same size. The rather consistent
difference between 2- and 3-ocean-age fish would
also indicate that the ocean environment is
relatively stable as the two groups were not at
sea during identical years.

If we now t,UI'll the nnalysis around and note the
egg counts for 3- and 4-fresh-water-age fish with
identical ocean histories that spend 2 and 3
summers ill fresh wu.t,er, the tlifference in fecundit,y
is neither eonsistent nor significant. This could
be interpreted to mean that fecundity does not
differ between fish of 3 and 4 fresh-water ages,
but sinee there are obvious differences between
year classes, owing probably to lake conditions,
such a conclusion is not fully warranted by these
data. What is required are data over a sufficiently
long period t.o discount these fresh-wat.er en­
vironmental effects.



FECUNDITY OF NORTH AMERICAN SALMONIDAE 459

fry better survival chances. A selection pressure il'
favour of large eggs therefore certainly e'l:i,:;ts and this
select.ion must work until the eggs are so few t.hat no note­
worthy compet.ition for food exist,s among the fry.

While we must agree that larger fry generally
have beuer survival rat.es, the reason given by
Svardson-intraspecific competition-may some­
times have little bearing on the mo.tter; UIl­

doubtedly, there are other important factors. For
instanee, Robertson (~922) has pointed out that
the raee of small-sized sockeye salmon that spawns
in Harrison Rapids, a tributary of the Fraser
River, produees larger eggs than the other races of
sockeye in the Fraser. This may be related to
the faet that this is one of the few raees of sockeye

in which the young go to sea as fry, SInce large,
vigorous fry would be required to survive in
sufficient numbers to maintain the population.

It should be noted, moreover, that among the
Pacific salmons (table 2) the smallest eggs are
found in the sockeye whieh normally spend the
longest time in fresh water. Size can be attained
only by the sacrifice of number. In each ecolog­
ieal situation there is some point at whieh, on
the average, the forees favoring size are exactly
balaneed by those favoring number. This point
must vary between river systems, tending to
produee genetic variation between populations for
egg size and number.

TABLE 2.-Size and weight of eggs and fry of certain North A.merican Salmonidae
[Astcrisk (') indicatcs diameter calculated from \'olumetric measure by Von Bayer com'ersion table]

Species Rnd area

Eggs Sac fry Fry after yolk is
absorbed

Authority

Diam· Weight Length Weight Length Weight"
eter

------------------ -------------------------_._------

Dahl (19m.
V1adykov (1954).
Belding and Hyde (1932).

Do.
Do.

Vl-ldykov (19M).
Brie<' (1898).

Do.

Do.
Shapov:llov and Taft (1954).
Curtis (1935l.

Brice (1898).
Brown and Kamp (1942).
Irving (l955).
Lord (19301.

Vladykov (IYM I.
Do.

Eschmeyer (19551.
Royce Cl951).

Do.
Bower Cl9\01.
Brice (181181.

Vl:l.dykov (1933).
Vladykov (1954).

Do.
Do.

Bower (1910).
Brice (18981.

Chapman (19381.
Rich (1920).
Brie<' (18981.
Bower (1910).
Stone Cl897).
Rich (1920).

Kobayashi (1953).
Watanahe (1956).

Chapman (19.18).
Beal (\955l.
Shapo\'alov Rnd Tart (1954).

Skud (1955).
Pril,ehard (1944.1.

Bower (1910).
Chapman (1938).

0.033 __
0.040 __

0.055

0.080 .... _
0.075 .. __

Ii. 1

15.0
13.9

16.2
19.1

0.040
0.040

0.050

0.125
0.125

5.0 __
4. i

4.4
4.0

'4.6
'4.2

'4.2
4.94

4.3-5.1
'4.5

5.8
5.7

4.9-5.4
·5.2

'5.5-5.6
'5.4
'5.8

OncorhYlIrhlls:
Ishawylsrha: AI",. am. AIm., alii. AIm. Gm.

Washington________________________________________ 0.520 0.509
Columbia R .. . .___ 35...10 _

~~~~o~~ij_(.coi·(ic,i:::::::::::::::::::::::::::::::::: :~:~ :::::::::: :::::::::: :::::::::: :::::::::: ::::::::::
~~erament(o R., CaUL_____________________________ '7.9 . .. . ._no ... __ . .. 35--40 _

krla:Areanotl'CcOIxlcd .. __ 30-40 0.24-.62
Hokkaido, Japan___________________________________ '7.4 0.232 __

kisllleh:Grecn R., Wa.h .___ 0.284
Lakes in Montana.. '8.4 _
Scott Creck, CaUL.. '7.2 .. __

gorbuscha: .

~f~~nn?~~e~'r~l.t~~~~~:::::-:::::::::::::::::: :::::::::: :::::::::: :::::::::: :::::::::: Oil~~gg pe~~~~
'IIerka:Yes Bay, Alaska. .. '6.3 . _

Baker R., Wa~h•. .. .________ 0.192

SIlIIl:~itiT: -.. , :'

~~K:~~~'~~~~::::::::::::::::::::::::::::::::__5~~~~:~ ~~~~~g_ -----Kf -.--~:~- :::::~:~: ::::&:~i;:
Nova Scotia.. • 18.1 0.133 26.7 0.124
New Brunswick .____ 18.8 0.146 27.9 0.144
Pollitt R., N. R . .____ 5. 4 0.090 16.0 0.110 _
Area not recorded .. ... '1\.1 __

s. sebago: Area not recorded.... '6.6 _
gairda...i:Area not recordcd. .. .. 5.1 . • _

.' 1I;:iiq~T~~~~~': 'b~t~oli;.;oo(iL.-._C-alir---~::::~~::::::::::: ~~:5_ .:::::::::: -----is:ii- :::::::::: :::::::::: _:::::::::
Irll/Ia:_. .·_,,-·-'Area not reeorded _

Madison Roo Mont.. _
clarki: Henrys L., Idaho _
e./twisi: Yellowstone R __

Crislil'o1Rer:
1Ia1Rayrllsh:

Baldwins Mills, P. Q __
1'win Mountain, N. H __
Lake Supcrior - _
Seneca L., N. Y .. __
Adirondack Lakes, N. Y _
Northvi1le, Mich. .. .. ---- _
Area not ",col·ded .. __

Saiveli'lll":
aillillll': Are'l not reeorded __
aureo/lIs: New Hampton, N. H .. __
!olllillalis:

L. Jacques-Carl-ier, P. Q .. __
New Hampton, N. H .. _
Vermont. _
Area not rl"corded . ~ _



460 FISHERY BULLETIN OF THE FISH AND WILDLIFE SERVICE

10,---,----,-----,--.,---,-----r--....-----,
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~
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0

0
N
±
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0
...J
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It. must t,herefore be concluded that the lower
egg number in the fluvial anadromous species of
Oncorhynchus can be due only to one of t.wo
causes: either the eggs form a smaller percentage
of t.he total weight of the fish or the eggs are
considerably larger. Despite the paucity of
availttble information, the true cause of the
lower egg number in these species can be confi-

o 51,-:::----~I ----....,..L,,-----,J.,,.-------..,,I
. 1.2 I A 1.6 1.8 2.0

FHlUHE i.-Relst.ion, by species, of the logarithm of
mean weight to the logarit.hm of mean fork length.
(Data from appendix table 5.)

average weight of the females for each species.
(See also appendix tables 1, 2, and 3 for detailed
information on egg numbers, by species and
locality.) Obviously the data fall int,o two
general groups: fluvial anadromous Oncorhynchus,
which show a low number of eggs for their weight,
and lacustrine anadromous sockeye and members
of the other 3 genera, which show a large number
of eggs for t.heir weight. That this difference in
egg number for comparable weight.s is not. due to
a difference in the shape of the fish is indicated
by the Ve!'y close correspondence between the
lengt.h-weight relation for all of the genera (fig. 7,
data from appendix table 5).

8765432

AVERAGE WEIGHT (KG)

o FLUVIAL ANAORQMQUS ONCORHYNCHUS

• LACUSTRINE AHADAONOU5 onCORHYNCHUS X
X SALMO

A CRISTIVOMER

Ii SALVELINUS

9

FIGURE 6.-Relation, by species, of average egg number
to twerage weight. (Data from appendix table 4.)

The dat.a given In. t.able 2 are from several
sources. Undoubtedly exhaustive search of t.he
literat.ure would reveal more dat.a on t,he subject.;
however, t.hese suffice to give a general pict.ure.
Because data on ova size are missing or very
scant.y for several species we have included length
and weight of sac fry and free-swimming fry.

Egg size, in general, is correlat.ed with t.he
average size of the species. Thus Oncorhynchus
tshawytscha, t.he largest. spedes, has the largest
ova. This is, however, only a. generalizat.ion.
It mav be noted t.hat the fry of the small pink
salmo~, O. gorbuscha, are larger than those of the
Atlantic. salmon, Salmo sal.ar. That is, the tend­
ency toward large eggs and fry appears t.o be a
characte.ristic of the genus Oncorhynchus. Be­
cause of the scarcit.y of data from actual measure­
ment of diameters of mat.ure eggs, it is felt. that
the scattered material brought. together in table
2 cannot be wholly relied on t.o give a true picture
of egg size. However, corroborative evidence
can be obtained by an indirect method.

In figure 6 (data from appendix table 4), the
average number of eggs is plotted against the



FECUNDITY OF NORTH AMERICAN SALMONIDAE 461

-----------------------

6r-----.---.------,-,------.------,

15!-:O,.------6:!cO,.------~70=------::8'=O---------:!90

1 Scott Creek omitted, as averages (appendix table 1) were read from re­
gression curve.
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TARLE 3.-Egg number and fork length in species ofOncor­
hynchus, arranged geographically frorn south to north

[Includes only samples of more than 20 fish]

FORK LENGTH (eM.)

FIGURE 8.-Relation of mean egg number to mean fork
length in species of Oncorhynchus, by locality. South­
ernmost loca.lities are shown in solid black for each
species.

nerka:
Fraser R •• B. C___________________________ 4,048
Namu, B. C______________________________ 3,264
Sket'na R., B. C . :___ 3,432
Nass R., B. C____________________________ 3,461
Karluk R., Alaska________________________ 3,277

ki,ulcA:'
Fraser R., B. C___________________________ 3, 152
Namu, B. C______________________________ 3,002

,0rInucAa:
Fraser R., B. C___________________________ 1,755
Namu, B. C______________________________ 1.841
McClinton Cr., B. C_______________ 1,733
SashIn Cr.. S. E. Alaska__________________ 2,074

kel4:
Fraser R., B. C __ .________________________ 2,943
Namu, B. C._____________________________ 2,760

I'Mwyl,cAa:
Sacramento R., Callf . 5, 449
Klamath R., CaUL_______________ __ 3,753
Cowichan R., B. C_______________________ 3,885

the sockeye spending 2 years at sea have a higher
fecundity than sockeye of the same length spend­
ing 3 years at sea.

In order to determine whether there is any
relation between fecundity and latitude we have
constructed table 3, showing the average fork
length and egg number for species of Oncorhynchu8
arranged geographically from south to north.
The averages are shown in figure 8 with the
southernmost locality for each species in black.
The egg number of four of the species is higher
than expected for the average length in the
most southern locality.

If further research should prove. that there is
a valid tendency for higher fecundity toward
the south, this may possibly be ascribed to the
difference in growth rates. This follows because
the average age at maturity of all of the species
(except gorbu8cha) tends to increase toward the
north. We have already shown that at Karluk

RELATION OF EGG NUMBER TO
LATITUDE

dentlyascribed to egg size if we consider the data
on weight of fry in conjunction with that of egg
diameter (sec appendix table 6). Thus, the sac
fry of O. tshawytscha weighed 2.9 times the upper
limit given for Solmo 8olar.

There is general agreement that, within the
genus Oncorhynchus, the largest eggs are found
in tshawytscha and the smallest in nerka. O'Malley
(1920) gives the following number of eggs of each
species required to fill a hatchery basket:

Species: Thousands of eggs
O. tshawytscha 20-30
O. kisuteh 30-35
C. keta . 33-38
O. gorbuscha 40-50
O. nerka 50-60

Bean (1893, p. 30) says of the pink salmon,
O. gorbuscha, "The eggs are larger than those of the
red salmon [0. nerka], but smaller than king
salmon [0. tshawytscha] eggs and not so bright
red."

It is not surprising that there is some disagree­
ment concerning the relative size of the eggs of
ki8'Utch, keta, and gorbuscha since, as we have seen,
there is considerable difference between localities
in regard to average number within the same
species. Only accurate measurements of fully
mature eggs from several localit,ies, preserved in
the same manner, can be relied upon to show
the size ranges in eggs of the various species.
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SUMMARY

The data show differences in fecundity between
populations of the same species of salmon for
different localities-the best examples being the
king salmon, Oncorhynchus tshawytscha, of the Sac­
rament,o and Klamath Rivers; the sockeye salmon,
O. nerka, of the Skeena River system; and the
chum salmon, O. leeta., of Japan.

The number of eggs shows a linear relation with
the logarithm of fork length; but for Oncorhynchu.s,
in which the size range of the mature adults is
slight, the regression of egg number on fork length
may more convenient.ly be treated as linear.

There is an annual variation in fecundity.
Owing possibly to the short, life history of the
pink salmon, this variation is pronounced in
that species. The annual differences in fecundity
of pink salmon are shown by covariance analysis
to be negatively associated with sea temperature
for a Queen Charlotte Island population.

The number of eggs in the left and in the right

ovary differs in some species, the left ovary usually
having the larger number; but this will vary
with the individual fish. This disparity between
the two ovaries in egg number is apparently due
to one ovary exceeding the other in length because
of crowding of the small posterior end of the body
cavity by the intestine.

Fecundity in sockeye salmon was not shown to
be affected by length of sojourn in fresh water
prior to entering the sea. However, sockeye
spending 2 years at sea mature more eggs than
sockeye of the same size with 3 years of sea life.

The four species of fluvial anadromous On­
corhynchus have larger eggs than the sockeye,
O. nel'lea, or species of the other genera.

There is a suggestion of lower fecundity from
south to north in Oncorhynchus (except in O.
gorbu.scha). This may be caused by a higher age
at maturity, and therefore slower growth rates,
from south to north.
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APPENDIX

ApPENDIX TABLE I.-Number of eggs at maturity in North American Salmonidae of the genus Oncorhynchus

Species and area

Sampling
Average 1-------;---,-----,------,----1 Number
number oreps
orew Number Avemge Average per kilo-

in sample Year Age fork weight gram
length of fish

Authority

-------------1------------------------------ _
Cm. Kg.

7.422 50 1922 92.4 ----4:72-- ---------- McGregor (1923a).
3.423 20 1950 75.4 725 Wales and Coots (1955J.
3,948 20 19li1 80.0 6.40 617 Do.
3.888 18 1952 72.9 4.58 849 Do.
5,034 53 1922 80.8 ------- --- ---------- McGregor (l923b).
3,419 24 1920 4 78.5 IU75 5M Snyder (1921).
4,297 5 1920 5 88.0 8.664 496 Do.
2.648 3 1921 3 64.7 ---- ------ ----- - ---- McGregor (I922J.
3,504 29 1921 4 75. 2 -- -------- ---------- Do.
4,364 27 1921 5 89.8 ---------- ---------- Do.
4,270 6 1921 6 95.5 ---------- ---------- Do.
3.570 '29 1920 80.1 6.604 541 Snyder (1921).
3.892 '65 1921 82.7 ---------- ---------- McGregor (l922J.
3,413 11 1922 76.7 ---------- ---------- McGregor (l923b).
4,944 12 1934 87.1 9.843 502 Foerster and Pritchard (\936).
3,885 25 1935 86.4 8.346 465 Do.
8,426 11 1934 103.4 16.148 522 Do.
8, 154 ---------- ---------- --- ----- -- ---------- -- - - -- ---- ----- ----- Kumetzow (1928).

--------3- ---i947--- :::::::::: :::::::::: :::::::::: :::~~:::::
21 1934 • _ 69.8 4.13 727

(IJ 1945-49 . _

51 19M --________ 73.9 4.58 643
47 • .
21 1934 -_________ 73.9 4.94 559

114__ . .. .. _
94 1947-48 . _

109 ._______ 58.8 _
40 1940-43 3. 5 61. 0 3. 84 821134 56.6 _

48 1934 2 51.8 1.72 1,020
38 1943 .. _. -------- - - - - --- -_.
27 1945 :.l ---------- - - - -- - ----
38 1947 2 ----- ----- -- . -- -- ---57 1947-48 2 ---------- - - ------_.
20 1950 2 ----- - - --- --------_.41 1934 2 53.6 1.86 Il90
97 1930 2 51.1 ----i:64-, 91 1930 2 938
73 1932 2 54.0 ----i:76-165 1934 2 53.0 1,025
91 1936 2 53.0 .-

'90 1936 2 1.70 1.117
40 1938 2 52.7 1.81 938
70 1940 2 51. 6 1.63 993

'536 1930-40 2 52.6
"456 1930-40 2 1.71 935

77 1951 2 54.6
52 Even 2 1.12 1.069
73 Odd 2 1.82 1,054

46 1932 58.5
'43 1932 ---------- ----- -- --- 1.95 2, 188

47 1933 56.5 1.70 2,233
75 1934 59.0 2.00 2,141
55 1935 59.0 2.05 1.984
35 1937 56.0

----2~ms-'36 1937 ---------- -----58:5- 1.75
47 1938

----2~05-'32 1938 2,072
112 1933 57.0 1.9Ii 1,949
46 1934 63.0 3.04 1,375
33 1934 57.2 2.09 1,562

3 1948 --. -- -- --- - ----- ---- ---------- - -- - ------24 1939 59.6 ---------- --- - ------22 1948 59.0 - --.----_. --- - - -----41 1949 58.1 --- -----_ . ._---.----59 1946 60.9 ---- ------ ---- -- -- --73 1947 59.1 ---- ----_. ----- -----57 1949 59.7 --- - - - ---- ----------35 1934 66.5 3.08 1,124

Foerster and Pritchard (l936J.
Neave (1953).
Foerster and Pritchard (1936).
Neave (1953).
Hunter (\948, 1949).
Eguchi l't aI. (1954).
Watanabe (1956).
Eguchi et aI. (1954).
Kuznl'tzow (l928J.

Do.
Do.

Shallovalov and Tart (1954).
Beal (1955).
Foerster and Prltohard (1936).
Neave (1948J.
Hunter (l949J.
Foerster and Pritchard (193llJ.
Wickett (1951).
Kuznetzow (1928).

Foerster and Pritehard (1936).
Neave (1953) .

Do.
Do.

Runter (1948, 1949).
Ncave (1953).
Foerster and Pritchard (1936).
Foerster and Prltohard (1941).

Do.
Do.
Do.
Do•
Do.
Do.
Do.
Do.
Do.

Hanavan and Skud (1954).
Kuznetzow (1928).

Do.

Foerster and Pritchard (1941).
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.

Foerster and Pritchard (1936).
Do.

Bunter (1949).
Aro and Broadhead (1950).

Do.
Do.

With1cr (1950).
Do.
Do.

Foerster and Pritchard (1936).

65..3 . __ . _
34.0 0.50 1,136
65. 3 3.45 914

65 1935-36 _
37 _
48 1934

1,755
1,779
1,862
1,520
1,320
1.5113
1.841
1,535
1.538
1,758
1.804
1,899
1.899
1.698
1,619
1.733
1,599
2,074
1,192
1.913

4,310
4,267
3,796
4.282
4,067
3,864
3,864
4.246
4.248
3.800
4,180
3,2lI4.
2,511
3,888
3.860
3,699
3, 281
3.187
3.353
3. 461

2,943
2,726
2,760
2,2M

2.107
2,626
3, 153
2.000
2.498
4.302
2.544

• 2,500
567

3, 152
2.329
2.313
3,002
2.310
4.883

1811awpl.ella:
Sacramento R., CaUL _

Do _
Do _
Do _

Fort Bragg, CaliL _
Klamath R., qaliL _

Do _
Do • _
Do _
Do__ • _
Do _
Do _
Do_ .. _
Do _

Fraser R., B. C _
Cowichan R., B. C _

~::::~.::kf:.-_-:::::::::::::::::::::::::
kela:Fraser R., B. C. _

Nile Cr., B. C _
Namu, B. C _
Booknose Cr., B. C .
Port John Cr .
Hokkaldo, Japan. .. _

Do _
South Kurlle, Japan. .
SiberIa (summer) _
Siberia (autumn) .
Kamohatka _

kiBulc1l:

~~t~81~:~~~::::: ::::::::::::::::::Fraser R., B. C __ . .
Cowic.han R., B. C._. .
Port John Cr., B. C .
Namu, B. C . .
Nile Cr., B. C •__ .
Kamchatka. .

aortnudla:

r:~fso~'!.:. ~:C~::::::::::::::::::Do ._. _
Port John Cr., B. C . _

Do • .
DO__ • .

Namu, B. C . _
McClinton Cr., B. C _

Do. • _. . __ . _
Do . • _
Do . _
Do • _. . _
Do ._. • _. _
Do . _
Do__ • _. _
Do•• . .
Do . • _. .

Sashln Cr., S. E. Alaska.. ..
Siberla . .

Do • .
flcrka:

Cultus L., B. C _
Do _
Do _
Uo . _
Do .
Do . _
Do ' _
Do . _
Do . . _
Do.' . .. __

~=~,~: ~:_~--~::::::::::~:::::::::
Port John Cr., B. C . _
Lakelse L., Skeena R ._

Do. . . _.
Do . .

Bablne L., Skeena R., B. C . _Do . _
Do . .

Nass R., B. C _

See footnotes at end of tabl...
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ApPENDIX T ABLE I.-Number of eggs at maturity in North American Salmonidae of the genus Oncorhynchu,;;-Continued

Spe~i~s and area
Average
number
of eggs Number

in sample Year

Sampling

Age
Average

fork
l~ngth

Average
weight
of fish

Number
of ~ggs

per kilo­
gram

Authority

--------------1---------------------1------------
em. Kg.

40 1926 60.8 -----_ .. _- ----_ .. ---
24 1938 5. 58. 7 ---------- ----------
9 1938 6, 63.2 ---------- -----_ .. _-

10 19.18 6< 57.6 -- - - - - ---- ----------
" 41\ 1938 &-7 59.6 ---------- - ---------

36 1939 5, 54.8 .. ------.- ----------
58 1939 6. 60.7 . - - - ----.- ----------13 1939 7, 59.5 . -- ----- -- ----------

" 117 1939 4-7 58.3 - ------_.- - - -- --- ---
80 19~0 5, 60.0 - - ----- --- . ----- -- --
23 19~0 6., 60.0 -_. - - - - - -- --- -- - - - --
25 1940 6, 60.0 -- - _. ----- -- - -------

" 135 19~0 4-7 60.0 -- - - ------ ----- -_. -
45 1941 5, 60.0 - _. -- .. ---- -_ .. _-----
20 1941 6, 60.0 -- - ------- - ------- --
36 1941 6, 60.0 -------- -- .--- --- ---
11 1~1 7, 60.0 - - ----- --- --- ----- --

" 113 1~1 4-; 60.0 ---------- ---- ---- --

•urka:-ContinuedKarluk R., Alaska _
Do ,--
Do _
Do --
Do _
Do ._
Do _
Do _
Do _
Do__ • •
Do _
Do _
Do _
Do _
Do _
Do_. _
Do _
Do_. _" _

Kam~JJatka _
n. ktnnerlyi:

L. Washington, Wash _
Kootenay L., B. C _
California r~servoir _

3.691
3.305
3.082
2,909
3,190
2, 548
3.049
2,805
2.842
3,421
2,926
3.549
3.357
3.708
3.006
3.6fi8
3,160
3,521
3.763

452:l:51
368
479

23
2

626

1938
1898
1943

Gilbert and Rl~h (927),
This report.

Do.
Do.
Do.
Do.
Dn.
Do.
Do.
Do.
Dn.
Do.
Do.
Do.
Do.
Do.
Do.
Do.

Kuznetzow (1928).

'27.3 Scattergood (1949).
'22.9 Do.

- Curtis and Fr~r (1948),

I Summary.
2 Values read from published regressIon curve.
, 3 to 8 specimens per year.
, Partial duplleatlon of fish in previous total or totals.
• Marked Cu1tus Lak~ O. ..aka mught outsld~ of Fraser River.
• Standard length of 103 females converted to fork length by factor 1.1.
, Standard length of 5 femal~s oonverted to Cork length by Cactor 1.1.

ApPENDIX TABLE 2.-Nlwlber of eggs at -maturity ill North A.tnerican Salmon/:dae of the genltS Salmo

Speeles and area

Sampling
~~:~~~ 1 ,--__----;;-__--, --;- ~~:~r

oCeggs Number Average Average per kilo·
in sample Year Age Cork weight gram

length oC fish

Authority

--------------1-----------------------1-----------

Shapovalov and TaCt (\954).
Do.
Do.
Do.

Curtis (1935).
Do.
Do.

Irving (\955).
Do.
Do.

Lord (1930).

Calhoun (1944).
Do.
Do.
Do.

Smith, O. (\947).
Do.
Do.

Brown and Kamp (1942).
Do.
Do.
Do.

Nielson (\9531.
Cooper (19531.

2.427
2.515
I, 76~
1,881

3.333
3,500
2,500
2,045

0.51
0.55
0.66
0.68

0.33
0.50
0.30
0.44

34.0 _

35.0
40.0
35.0
40.0

20.0
30.0
37.5

40.0
50.0
60.0
70.0

, 37.1
, 37.6
'40.7
'41. 4

em. Kg.
171.4 4.26 1,802 Beleling l.I9401.
174.8 5.07 1,856 Do.
186.7 8.68 1,594 Do.
183.6 7.57 1,1\27 Do.

2
3
4
5

2 sea
2 sea
3 sea
(0)

1941
1941
1~1

1941
1940
1941
1942

1 1936
18 1936
14 1936
4 193614 1952 _

78 _

450 _

537 1932-33 _

163
340

15
16

55

-------38-

214
310
320

---------- ---------- ----------1
10 1953 , 31. 9 O. 573 2.752
10 19.'i3 '40.8 1.180 1,622
10 1953 , 51. 8 2.3l14 1,224104 _

7,678
9,409

13,883
12,313

2,400
3,900
5,600
7,600

326
765

1,102

1,577
1,914
2,930
1,113

1,100
1,750

750
900

• 3.560
• 2,594
• 2,508

1.238
1,383
1,164
1,279
I,ORI
1,208

•alar:
Miramlchi R .. Canada _
GulC oC St. Lawrence _

Do_. _
Do _

gairdneri:
Soott Cr., CallC,' _

Do_ •• _
Do•• . _
Do. _

g. aqua-bonila:
Cottonwood Lakes, Cali!.. _

Do _
Do _

rlarl:;:
Henrys L., Idabo _

Do__ • _
Do _

r.le",;.i: Yellowstone R _
f. henshau1i:

Blue L., CaliC.' _
Do_" _
Do.' _
Do _

Heenan L., CaIlL _
Do _
Do _

Irnl/a:Madison Roo Mont. _
Do _
DIl _
Do __ • _

Convict L.. Calif.. _
Michigan streams _

I These values Crom weight·length regression oC fig. R.
o Previnusly spawned.
, Readings from pUblisbed r~gression cun"es.

, Standard I~ngth oonwrt~d to Cork length by Cactor 1.1.
, First spawning.
• Egj!s stripped by hatchery.
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ApPENDIX TABLE 3.-Number oj eggs at maturity ,:n North American Salmonidae oj the gel~era Cristivomer and Salvelinus

Species and area

Sampling

~~~~~1-----.-----.----'1----.-·---
oC eggs N urnber Average Average

In sample Year Age Cork weight
length oC fish

Numher
oC eggs

per kilo-
gram

Authority

----------------------------------------------

Dymond (1928l.
Eschmeyer (1955).

Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.

Grainger 09&11.
Do.
Do.

Mlllir (19491.
Mllllr (1950>.

Do.
Brunson (1952).

HayCord and Embody (1930>.
Do.

Cooper (1953).
Allen (1956l.

Do.
Do.
Do.

Vladykov and Legendre (1940).
Smith (1947).

Do.
Do.
Do.

0.0215 6.007
0.0316 6.032
O. 0500 S, 435
O. 0835 4, S09

29.9
31, 4

114.4
12.70
14.44
16.82
19.65
22.3
20.3
25.4
27.9
35.6

(I)
(')

1952
1952
1952
1952

('m. Kg.
1927 72.7 5.00 I, 589

1951--53 I 60.7 2.81 1,204
1951-53 I 65.4 3.36 l,26Il

:!g:=~ :~J I g:~ U!i
1951-53 I 83.2 7.48 1, 551
1951-53 187.9 8.75 1.581

__1_~5!_~_ :::::::::: __ -'_~~~_r:::::::: ----i:424-
195(l-54 I 59. 2 4. 34 1,011

53
20

239
2
5
5
2

77
29

23 195<l-51 13-22 56.0 ---2:00--- ---"i,"s2:i-, 21 1950--51 13-22
6 1951 7--9 41.2 - - - -. ----- . --~-- - ---

211 1945-48 30.6 0.26
51 1949 31, 4 -- - - - .---- - --~ -- - ---, 42 1949 - - - - ~ . - --- -~ ------ - . 0.26
28 1950 61.9 2.31 2, 133

25
9

15
13
17
8
6
2
2

272
12

3.589
3.645
2.726

909
1.313
1.443
4,927

1,183
1.414

254
148
191
275
376
3ll\l

• 410
• 640
• 950• 1, 400 :::::::::: :::::::::f:::-----

---------------'-------'-

OriBli,'Omrr:
ftamayruBh:

Lake Ontarlo______________________ 7.943
Ls.ke Superior_____________________ 3.383

])0•• _______ ___ ______ 4.253
Do_ _______ ____ _____ 4.995
Do_ _______ __ _____ 8.667
Do. __ ___ __ 8.881
Do . _ ____ 11.603
Do•• _. .. 13,836
Do .. 11.789
Do_. • _

n. BiBrowrl: Lake Superlor_____________ 4,387
SalprlinuB:

alpinuB:Baffin Island _
Do _

Ungava Bay _
Lakes In Sweden _

Do . _
Do . _

malma: Clark's Fork R., Mont. _
10nlinnCiB:

New Jersey (domestlc>- _
Do _

Michigan streams _
Wyoming beave.r pond _

Do _
Do. .. _
Do•• . _

Laurentldes Park, P. Q. _
Various (wildL _

Do. _
Do_. . . _
Do. _

I Tutallength converted to lork length by Cactor 0.92.
, Summary.
3 Partial duplication or IIsh in previous total or totals.

I First spawning.
, Previously spawned.
• Values read Crom published reg~ssloncurve.

ApPENDIX TABLE 4.-Smn-mary of number oj eggs by size of fish f&r 1lorth A -merican Salmonidae

All speciruens Specimens with length data Specimens with weight and length data

Species
Average
number Number
oC eggs oC IIsh

Average
Cork

length

Mean
number
oC eggs

Average
number Number
of eggs or IIsh

per centi-
meter

Average IAverage
weight numhe.r
or fish oC eggs

Average
number Number
oC eggs oC /ish

per kilo-
gram

---_._-------------- ------- ------------- ------------

29
23

262
28

403
14

64.4
64.1
32.1
79.6
24. S
15.3

3.410
3,589

988
4,927

461
241

52.94
56.00
30.76
61, 90
18.&1
15.79

262
28

403

'478

567
1,765

3,597

4.772

2,546
2,801

9,092
, 5,541

2,140
1,113
2.800
1.233

7.186

3,410

988
4,927

461

----2:000- ----3:645- ----i:822- --------21
o. 2110 998 3. 838 253
2.310 4,927 2. 133 2ll

1----0:044- ------24i- ----5:477- --------i4
-----------------'----'------'-'-------''-----'-._----'-------'-'-----'---

OnrorhynchuB:!BhaU'y/Bcha _

ko/a _
kisu/ch . _

klsutch , _
(/OrbUBrha .. _

nerka•• . _

n. kennrrlyl. _
Sa/mo:Balar • . _

gairdneri , _
rlarki , _
r. k",i.I. . _
,'. henBhaU'i. _
Irutta _

('riBIi.omer: namayrush _
Sal.rlinus:alpinus , ._

alplnus , • _
malmo , _
lonlinaliB , •. _

I In Cresh water.
• Anadromous.
, Calrulated Crom egg volumes (Shapovalo\' and TaCt, II/54, table A-17).

I

• Values Crom ~gres.~ion curve.
, In Swedish lakes.
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ApPENDIX TABLE 5.-Summary of length-weight data on North American Salmonidae

[A=anBdromous; F=[resb water]

Average

1ea.F
Average

welght+2.0
y

Logarithm
Number in 1 .,-- _

sample
Average

fork length
Average
weightHabitatSpecies

Ofl.rorIlIl7U:IIU11:t8I1awllt.eluJ_ ____ __ __ __ __ A
kela_ ________ ___ ___ _ ________ __ __ __ ______ __ __ __ A
ki8utell - -- ____ ___ A
ki8ukll_ _____________ ____ __ ___________ __ __________ ___ F
gorlmlclla_ ________ _____ ________ __ ________________ ___ A
nerka "._ __ A

&/1710:&alar - A
./arki. __ __ __ _ ___ __ F
/rRUa_ _ ____ _ _____ ____ __ __ F

Cril/tirlfl7Mr: namtJ,cmll_ __ ____ __ _ __ ____ ___ F
Sa/~/inm:alpinlUl_ ____ __ ___ ___ __ A

alpinm_ __________ __ __________ ________ ____ _________ ___ F
ma/ma__ __ ____ ___ _ _ __ F
fontinalil/_ __ _____ __ ________ _________ _ _________ F

Kg. Om.
6. 46.~ 79.26 207 2. 8106 I.llIl91
4.685 73.1lO 72 2.&707 1.86ll6
3.657 66.68 69 2. 5631 l.lI24O
0.499 34.00 :n 1.6981 1.5315
1.746 52.61 364 2.2420 1.721\
2.178 59.1\ 403 2.3381 1.7717

4.9lI9 74.36 534 2.6lIlIlI 1.8713
1.382 45.65 30 2.1405 1.6694
0.605 39.17 37 1.7818 1.5930
4.825 72.03 95 2.6835 1.8575

2.000 56.00 21 2.3010 1.7482
0.260 30.76 253 1.4150 1.4lIlIO
2.310 61.1lO 28 2.3636 1.7917
0.044 15. 79 14 0.6435 1.11184

ApPENDIX TABLE 6.-Summary of vario"us measures of egg size in North American Salmonidae

Group and species
Egg diameter

E~[':s~em. Eg~:Hrs~kg. 1 ---,- 1Welg~o[ sac W~~:t~:"

Measured Calculated absorbed

Om.
0.509

0.~62

0.284
Oa.u.30

0.192

0. 057-0.144

Om.
0.520

0.033-0.040 : _

0.075-0.080 _

0. 1\0-0. 1806.1
5.5

6.&

6.3
8.4

4.2--4.6

5. 2-5.8

"Mm.
6.3-7.9

7.4
7.2

5.0

4.0-4.4

4.9-5.8

Mm.

2,133
5,477

1,822

1,469

581
617
849

I,UlI5
1,799
1,136

Il8

80
15

47
39
47
33
66
18

Oncorllrncllm :
Fluvial anadromous:I8l1aVJlItscM - - - _

kela. -- - _
killutell _

gor/IU8c1Ia- - - - - - - - -- --- - - -- -- -- - - - - - - - - - - - - - -. - - --- --- - - -- - - - --Lacustrine anadromous: ft,rka. _
Fresh water: kil/Rtell - - _

Sa/mo:
Fluvial anadromous:&alar_ ___ ____ __ _ ___ __ 122 1,819 5. H. 8

FreS~i;,.~~~- ------------ -- --- ----------- ----- - -- --------------- -- 94 ------ - - -- - - - - 5. I
8alar .t!HJqo • - - - - -- -- - __ --- - __ ----- - - - --- --- ---- ------- ---

=:=h.'-;'I,I_-:::::::::::::::::::::::::::::::::::::::::::::::::: ~~ ~~~ ~:~_~_ ----------.:5- :::::::::::::: ::::::::::::::
truila___________________________________________________ _______ 33 2,124 4.9 4.2 _

CriII/ioomer:Fresh water: namallCWlII _
Sal.e/inlUl:AnBdromous: al-pinm -- - -- -- --- ---

Fresh watl'J';

:':::~~~~~~~~::::::::::::::::::: :::::::::::::::::::::::::: ~ ~~~_ ----------.:7- :::::::::::::: ------- -ilO55- ::::::::::::::malma. _
fontina/is , - _

I The small sample available contained only small fish IlO that these figures are not believed to be representative [or eggs per centimeter or per kilogram.

o


